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(54) Steam turbine blade, method of manufacturing the same, steam turbine power generating 
plant and low pressure steam turbine 



(57) There is provided a steam turbine blade made 
of Ti-base alloy comprising an a + p type phase in which 
a difference of a tensile strength is small between a 
blade portion and a dovetail portion, a tensile strength 
at a room temperature of the dovetail portion Is equal to 
or more than 1 00 kg/mm^ and a suitable toughness is 
commonly provided together with a strength, as a steam 
turbine blade having a length of 43 inch or more, a 
method of manufacturing the same, a steam turbine 
power generating plant and a tow pressure steam tur- 
bine In the steam turbine blade having a blade portion 
and a plurality of fork type dovetails, wherein the blade 
is made of Ti-base alloy structured such that a length of 
the blade portion is equal to or more than 52 inches with 
respect to a rotational speed 3000 rpm of the blade or 
equal to or more than 43 inches with respect to the rota- 
tional speed 3600 rpm. and a tensile strength at a room 
temperature of the dovetail is equal to or more than 100 
kg/mnf. preferably equal to or more than 110 kg/mm^ 
and equal to or more than 96 % of the tensile strength at 
the room tennperature of the blade portion. 
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Description 

BACKGROUND OF THE INVENTION 
5 FIELD OF THE INVENTION 

[0001] The present invention relates to a steam tuifoine blade made of Ti-base alloy, a method of manufacturing the 
same, a steam turbine power generating ftort using the same and a low pressure steam turbine. 

TO DESCRIPTION OF THE RELATED ART 

100021 Conventionally, in a low pressure final stage of a steam turbine, there have been developed l2Cr steel tor a 
Wade having 33.5 inch length. Ti-6AI-4V for a blade having 40 Inch length, and high strength 12Cr steel tor a Wade hav- 
ing 43 inch length which is the longest In the world as a machine corresponding to 50 Hz. however a demand for 
improving an efficiency and compactifying the plant in accordance thai the final blade stage is made tong is inaeased 
more and more, so that it is required to further lengthen the Wade. In order to achieve the requirement, a titanium alloy 

® ^ ® indispensable in place of Ti-6AI-4V which has been practically used 

[0003] A titanium alloy in class of tensile strength 95 kg/mm2 can sufficiently correspond to an increase of a centrifugal 
force caused by the Wade having the increased length till the Wade having 40 inch, however, in the Wade having a length 
equal to or more than 45 inch, a titanium alloy in class of tensile strength 1 10 kghnm^ is required. As the titanium allov 
having a tensile strength equal to or more than 110 kgAnmZ. there is a p type titanium alloy having an age hardenirj 
property, however, since the p type titanium alloy has a disadvantage, that is, a toughness is low. there is a proWem in 
manufacturing a whole of the Wade by this alloy. On the contrary, in an a + p type titanium alloy having a high toughness 
a cooling speed for a solid solution treatment largely affects the strength in accordance that a dovetail of the Wade 
becomes thick, so that the strength which can be obtained in a small steel lunp can not be frequently realized in a large- 
sized product. Accordingly, it has been hard to securely obtain a titanium alloy in class of 1 1 0 kg/mm^ 
[0004] Further, in Japanese Patent Unexamined PuWication No. 1-202389. there is described that a solid solution 
treatment is executed at a temperature equal to or less than 10 to 60 "C corresponding to a point of p transformation 
with resp«a to a awlrtion for a heat treatment of T.-6AI-6V-2Sn corresponding to an a + p type high strength Ti alloy, 
that IS. at 867 to 91 7 <>C and an age treatment is thereafter executed at 500 to 650 «C, however, in accordance with thte 
treatment, there has been a proWem that the strength can be obtained In a tWn Wade profHe portion, but the strength 
can not be secured in a thick dovetail portion in which a cooling speed is low. 

[0005] Further, in Japanese Patent Unexamined Publication No. 7-150316, there is described a tuibine Wade made 

^ Tl; ?1*"'°^.I'T*^L""^ ^ ^ "^^ °* ^ ■* *° °* ^' to 3.15 % of Mo and 0.85 to 3.15 % of Fe as a material 
tor the turWne Wade, however, there is not indicated an age treatment. 

SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to provide a steam turbine Wade made of Ti-base alloy comprising an a 
+ p type phase in which a difference of a tensile strength is small between a Wade portion and a dovetail portion a ten- 
sile strength at a room temperature of the dovetail portfon is equal to or more than 100 kg/mm^ and a suitaWe tough- 
ness IS commonly provided together with a strength, as a steam turbine Wade having a length of 43 inch or more a 
method of manufacturing the same, a steam turWne power generating plant and a low pressure steam tuibine 
[0007] In accordance with the present invention, there is provided a steam tuibine blade having a Wade portion and 
a plurality of fork type or inverted Christmas tree type dovetails, wherein the blade is made of Ti-base alloy structured 
such that a length of the Wade portion is equal to or more than 52 inches with respect to a rotational speed 3000 rpm 
of the blade or equal to or more than 43 inches with respect to the rotational speed 3600 rpm. and a tensile strength at 
a room temperature of the dovetail is equal to or more than 1 00 kg/mm2. preferaWy equal to or more than 110 ka/mm2 
and equal to or more than 96 % of the tensile strength at tiie room temperature of the blade portion 
[0008] In accordance with the present invention, there is provided a steam turWne Wade, wherein the steam turbine 
Wadeis made of Ti-basealloy containing Al 4 to8weight%. V4 to 8 weight % and Sn 1 to 4 weight %. a tensile strength 
of the dovetail at a room temperature is equal to or more than 100 kg/mnf. preferaWy equal to or more than 110 
. T« '"^^ "^'"^ ^' ^ temperature is equal to or more than a value (kg-m) calculated by a for- 

mula (-0.021 3x + 4.025), or the Wade portion is structured such that a tensile strength (x) thereof at a room temperature 
IS equal to or more than 105 kg/mm^. the V notch impact value (y) at a room tenperature is equal to or more than a 
value kg-m) calculated by a formula (-0.0196X + 3.93) and the tensile strength of the dovetail at a room temperature is 
equal to or more than 96 % of the tensile strength of the Wade portion at a room temperature 
[0009] In accordance with the present invention, there is provided a steam tuibine Wade, wherein the Wade is made 
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of Ti-base alloy structured such that a length of the blade portion is equal to or more than 52 inches with respect to a 
rotational speed 3000 rpm of the blade or equal to or more than 43 inches with respect to the rotational speed 3600 rpm 
and Al 4 to 8 weight %. V 4 to 8 weight % and Sn 1 to 4 weight % are contained, the Wade portion is structured such 
that a tensile strength (x) at a room temperature is equal to or more than 1 05 kg/mm^ and a V notch impact value (y) at 
5 a room tenperature is equal to or more than a value (kg-m) calculated by a formula (-0.01 96x + 3.93). or the dovetail is 
structured such that a tensile strength (x) at a room temperature is equal to or more than 100 kg/mm^ and a V notch 
Impact value (y) at a room temperature is equal to or more than a value (kg-m) calculated by a formula (-0.0213X + 
4.025), 

[001 0] In accordance with the present invention, there Is provided a method of manufacturing a steam turbine blade 

10 made of Ti-base alloy, wherein a solid solution treatment and an age treatment is performed so as to cool by water after 
heating in a range connecting four points shown by refermce symbols A (605 and 855 •C), B (590 and 790 **C). 
C (410 and 790 °C) and D (410 °C and 855 **C) expressed by (an age tenperature and a solid solution treatment 
temperature) shown in Fig. 1 of this application, wherein the area expressed by (the age temperature and the solid solu- 
tion treatment temperature) is stmctured such that a solid solution treatment and an age treatment is performed so as 

15 to cool by water after heating in a range connecting four points shown by reference symbols E (525 *'C and 855 "C), F 
(510 ^'C and 790 •C), Q (410 *»C and 790 *C) and H (410 *C and 855 ^'C) shown in Fig. 2 of this application, wherein the 
dovetail portion is roughly processed to a state close to a final shape prior to a final heat treatm^it and next a solid solu- 
tion treatment and an age treatment is performed so as to cool by water after heating in a range connecting four points 
shown by reference symbols J (685 «C and 855 •C). K (585 X and 790 <»C). L (41 0 '^C and 790 *>C) and M (41 0 °C and 

20 855 'C) expressed by (an age temperature and a solid solution treatment temperature) shown in Fig. 3 of this applica- 
tion, and wherein the dovetail portion is roughly processed to a state close to a final shape prior to a final heat treatment 
and next a solid solution treatment and an age treatment is performed so as to cool by water after heating in a range 
connecting four points shown by reference symbols N (575 °C and 855 °C). O (560 «»C and 790 •C). P (410 and 790 
•C) and Q (41 0 *C and 855 **C) expressed (an age temperature and a solid solution treatment temperature) shown 

25 in Fig. 4 of this application. 

[001 1 ] In accordance with the present invention, there is provided a steam turbine power generating plant comprising 
a high pressure turbine, an intermediate pressure turbine and a low pressure turbine, wherein a rotor blade at a final 
stage of the low pressure turbine has a blade portion and a plurality of fork-like dovetails and is constituted by the steam 
turbine blade mentioned above. 

30 [001 2J In accordance with the present invention, there is provided a low pressure steam turbine comprising a rotor 
shaft, a rotor blade provided on the rotor shaft, a stator blade guiding an inlet of a steam to the rotor blade and an inter- 
nal casing holding the stator blade, wherein the rotor blade is structured in a dual cun-ent such that six stages of the 
rotor blades are provided in each of right and left portions of the steam turbine in a symmetrical manner and a first stage 
is provided in a center portion of the rotor shaft, and a rotor blade at the final stage is constituted by the steam turbine 

35 blade mentioned alx)ve. 

[0013] The Ti-base alloy is heated to a temperature area having an a + p phase and held at the temperature area 
after a hot forging and thereafter Is forcibly cooled (solid solution treated), whereby an a phase and a* marlensite two 
phase structure Is refined and homogenized, so that a high ductility and a high toughness can be obtained. Further, due 
to the successive aging treatment, the a* martensite is decomposed to the a + p two phase so as to form a duplex state 
40 comprising a pro-eutectold a grain and an old p grain from which the a phase is precipitated due to the aging (aging 
hardening), whereby a high tensile strength and a high fatigue strength can be obtained. 

[0014] The tenperature for the solid solution treatment is properly selected in a range between 800 and 900 **C cor- 
responding to a temperature equal to or less than a p transformation point (atx)ut 927 **C) particularly in the case of Ti- 
6%AI-6%V-2%Sn among the Ti-base alloy containing 4 to 8% of Al. 4 to 8 % of V and 1 to 4 % of Sn. In particular, the 

45 temperature of 790 to 855 '^C is more preferable by combination. At the temperature equal to or more than the p trans- 
formation point, a reduction of the ductility and the toughness is caused due to a roughness of a crystal grain and a 
reduction of an amourrt of the pro-eutectoid a grain. Further, when the tenperature for the solid solution treatment is 
set too low, the amount of the pro-eutectoid a grain is increased as well as the hot forging structure is left, so that a 
proper strength can not be obtained. 

so [001 5] The subsequent temperature for the aging treatment is properly selected in a range between 500 and 600 ^C. 
The higher the temperature for the aging treatment is. the more the tensile strength is reduced, so that the ductility and 
the toughness are improved. In particular, a special combination at the tenperature between 410 and 685 **C is prefer- 
able by a combination with the tenperature for the solid solution treatment. 

[001 6] The reasons of the preferable range for the oonponents of the Ti-base alloy used in the present invention are 
55 as follows. 

Al: This is a representative a stabilizing element and is an indispensable additional element for the (a + P) type Ti- 
base alloy. It is hard to become the (a + p) type alloy when an amount of Al Is less than 4 %, and it is hard to obtain 
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a sufficient strengtfi for a material. On the contrary, when an amount of Al is over 10 %. Ti3AI corresponding to an 
intermetallic compound is generated and a toughness is significantly reduced, so that it is not preferable. In partic- 
ular, an amount of Al is preferably set to 4 to 8 %. 

V: This is an important additional element for reducing the p transformation point as well as stabilizing the B phase 
This has an effect of restricting a rapid generation and increase of the a phase after an annealing or the solid solu- 
tion treatment so as to finely precipitate the a phase. In the case that a contained amount of V is less than 4 % it 
IS not possible to sufficiently reduce the p transformation point and the effect of stabilizing the p phase is reduc^ 
so that rt IS inrpossiWe to obtain the effect of restricting the generation of the a phase during the annealing or afte^ 
the solid solution treatment. On the contrary, when a contained amount of V is over 1 0 %. the stability of the B phase 
becomes too large and it is hard to obtain a preferable two phase (a + W structure, so that it is insufficient in view 
ot a strength. In particular, the contained amount of V is preferably set to 4 to 8 %. 

Sn: This has an effect of stabilizing the p phase and simultaneously restricting a grain growth. Accordingly as well 
as Al. in addition that this is important for restricting a rapid generation and increased of the a phase after the 
annealirig or after the solid solution treatment so as to finely precipitate the a phase, this has an effect of refining 
the whole of the structure, so that this is an additional component occupying an important position for strengthen- 
|n9_When the contained amount of Sn is less than 1 %. a crystal grain is enlarged during the annealing or after the 
solK^olution treabnent and it is hard to obtain the desired effect mentioned above. On the contrary, when the con- 
tained amount of Sn is over 5 %. the p phase is stabilized too much and it is hard to obtain the preferable two phase 
structure, so that an improvement of a higher strength can not be desired. In particular, the contained amount of Sn 
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L^hPi. T^f*®! mentioned above is employed for the final stage rotor blade in the low pressure turbine at a 
Wade length of 43 inches or more with respect to 3600 rpm and 52 inches or more with respect to 3000 rpm in partic- 
uter an allc^ comprising 5 to 7 % of Al. 5 to 7 % of V. 1 to 3 % of Sn. 0.2 to 1 .5 % of Fe. 0.20 % or less of O 0 3 to 1 5 
^^«. ^ remainder of Ti. and it is preferable to apply the same heat treatment as mentioned above 
[001 8] The conditons mentioned above can be applied to the fcsllowino inventions 

[001 9] In accoi^ance with the present invention, there is provided a steam turbine power generating plant mentioned 
above, wherein the high pressure turbine and the intermediate pressure turbine or the high and intermediate pressure 
i!^op! a temperature of an inlet for a steam to the first stage rotor blade is in a range of 538 

L f efe^fWy 593 to 620 'C. 620 to 630 »C and 630 to 640 -C). the low pressure turbine is structured such that 
a temperature of an inlet for a steam to the first stage rotor blade is in a range of 350 to 400 °C. and a rotor shaft 
«^osed to the steam inlet temperature of the high pressure turbine and the intermediate pressure turbine or the high 

! J?!TI!f' t-^?^"'® °' ^ "^"^^ °* 3 '^ad*' a stator blade and an internal casing is 

^S, ^ ^ high strength martenslte steel containing 8 to 13 weight %of Or. or the first stage, or the second stage 
or the third stage of the rotor blade among them is constituted by a Ni-basealkv 

U^? I IP'®'®"^^^ Pressure turbine, the intermediate pressure turbine or the high and intermediate 

pr^sure turfjine in accordance with the present inventton has a rotor blade provided in the rotor shaft, a stator blade 
•!? '?K , ^ *° ^'^^ ^ ^^^'"9 *^°'d'"9 stator Wade, a temperature of the steam 

:^rr°,'?l°J^,! t °^ '"^P ^ ^° ^ P^®^"^« « 250 kgf/cms or more (preferaWy. 

246 to 316 kgf/cm^) or 1 70 to 200 kgf/cm^, the rotor shaft or the rotor shaft, the rotor blade and at least first stage of the 

n ?n ?fwl'!.M '"f ^^^^ martensite steel having a whole tempered martensite structure containing 

Jk ^ ^ (P;eferaWy. 10.5 to 11.5 weight %) of Or corresponding to lOkgfW of 10= time creep breaking 
strength or more preferaWy. 17 kgf/mm^ or more) at a temperature in correspondence to each of the steam tempera- 

trTN^s^f o; ? "''•f ' ^ ""^ ^ °^ '"^^ °^ second s7ge or 

the third stage of the rotor Wade among them is constituted by the Ni-base alloy, and the internal casing is constituted 

? 'i!^*'?^ Steel containing 8 to 9.5 weight % of Cr having 10 kgf/mm^ of 10= time creep breaking strength 

Z^l^T^^^- 1^^ ^'""^ "^'^^ ^ * temperature in con-espondence to each of the steam temperatures 
thereby heating the steam flowing out from the high pressure steam turbine, the intermediate pressure steam tuibine 
Z^VT .P™=®"C!.s«« so as to heat to a level equal to or more the high pressure side inlet temperature and 

Jt^lH^T ^'^^""^ "^"^ intermediate pressure integral type steam tuibine 

[OWII In the high pressure turbine and the intennediate pressure turbine or the high and intermediate pressure inte- 
gral type S^eam turbine, the rotor shaft of the first stage of at least one of the rotor Wade and the stator Wade is prefer- 
atjy instituted by a high strength martensite steel containing in weight 0.05 to 0.20 % of C. 0.6 % or less. preferaWy 
Mi n?^*? ^'^S °l P/e'e^^'^y 0 05 to 1 .5 % of Mn. 8.5 to 13 %, preferaWy 9.5 to 13 % of Cr. 0.05 tcT 1.0 % of 

0.01 to 0 06 % of N. 1 .5 % or less. preferaWy 0.05 to 1.5 % of Mo. 0.1 to 4.0 %. preferaWy 1 .0 to 4.0 % of W 10 % or 
less. preferaWy 0.5 to 10 % of Co. 0.03 % or less. preferaWy 0.0005 to 0.03% of B and 78 % or more of Fe' and it is 
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preferable to correspond to the steam temperature of 593 to 660 **C. or It is preferable to be constituted by a high 
strength martensite steel containing 0. 1 to 0.25 % of C, 0.6 % or less of Si. 1 .5 % or less of Mn. 8.5 to 1 3 % of Cr, 0.05 
to 1 .0 % of Ni. 0.05 to 0.5 % of V, 0.10 to 0.65 % of W, 0.01 to 0.20 % of at least one of Mb and Ta. 0.1 % or less of Al, 
1 .5 % or less of Mo. 0.025 to 0. 1 % of N and 80 % or more of Fe. and it is preferable to correspond to a temperature 
5 less than 600 to 620 *C. Said internal casing is preferably constituted by a high strength martensite steel containing in 
weight 0.06 to 0. 16 % of C, 0.5 % or less of Si. 1 % or less of Mn. 0.2 to 1 .0 % of Ni, 8 to 12 % of Cr. 0.05 to 0.35 % of 
V, 0.01 to 0.1 5 % of at least one of Nb and Ta, 0.01 to 0.8 % of N, 1 % or less of Mo, 1 to 4 % of W. 0.0005 to 0.003 % 
of B and 85 %or more of Fe. 

[0022] In the steam turbine power generating plant in accordance with the present invention, the high pressure steam 

10 tuibine is structured such that the rotor blade is provided at seven stages or more, preferably, at nine to twelve stages, 
and the first stage is constructed in a dual cun-ent. the intermediate pressure steam turtjine is structured such that the 
rotor t)lade is provided at six or more stages in a symmetrical manner in each of the right and left lines, and the first 
stage is provided in a center portion of the rotor shaft so as to form a dual current construction, the high and interme- 
diate pressure integral type steam turt)ine is structured such that the high pressure side rotor blade is provided at six 

15 stages or more, preferably seven stages or more and more preferably eight stages or more and the intermediate pres- 
sure side rotor blade is provided at five stages or more, preferably six stages or more, and the low pressure steam tur- 
bine is structured such that the rotor blade is provided at five stages or more, preferably six stages or more and nwre 
preferably eight to ten stages in a symmetrical manner in each of the right and left lines and the first stage is provided 
in a center portion of the rotor shaft so as to form a dual current construction. 

20 [0023] The low pressure turbine In accordance with the present Invention is structured such that the steam inlet tem- 
perature to the first stage rotor blade is preferably set to 350 to 400 *»C. and the rotor shaft thereof is preferably consti- 
tuted by Ni-Cr-Mo-V low alloy steel which is structured such that a distance (L) between centers of bearings is 6500 mm 
or more (preferaljly. 6600 to 7500 mm), a minimum diameter (D) at a portion in which the stator blade is provided is 750 
to 1300 mm (preferably. 760 to 900 mm), and a value (UD) is 5 to 10, preferably 7 to 10 (more preferably, 8.0 to 9.0) 

25 and 3.25 to 4.25 weight % of Ni is contained. 

[0024] The low pressure steam turbine in accordance with the present invention is preferably structured by any one 
of the following items or a combination thereof. A length of the blade portion is 80 to 1300 mm from an upstream side 
of the steam current to a downstream side, a diameter of the mounting portion of the rotor brfade in the rotor shaft is 
greater than a diameter of the portion corresponding to the stator blade, a width in an axial direction of the mounting 

30 portion in the downstream side is increased preferably at three or more stages (more preferably, four to seven stages) 
step by step in comparison with the upstream side and a rate with respect to the length of the l)lade portion is 0.2 to 0.8 
(preferably. 0.3 to 0.55) and is made smaller from the upstream side to the downstream side. Said length of the blade 
portion in each of the adjacent stages is made greater In the downstream side In comparison with the upstream side, 
and the ratio thereof is in a range of 1 .2 to 1 .8 (preferably, 1 .4 to 1 .6) and the ratio is gradually made greater in the down- 

35 Stream side. The width in an axial direction of the portion corresponding to the stator blade portion in the rotor shaft is 
made preferably three stages or more (more preferably, four to seven stages) greater In the downstream side in com- 
parison with the upstream side, a rate with respect to the length of the downstream side blade portion in the rotor Wade 
is in a range of 0.2 to 1 .4 (preferably. 0.25 to 1 .25, in particular, 0.5 to 0.9) and the rate is made smaller to the down- 
stream side step by step. 

40 [0025] Hereinafter, the other constituting material of the low pressure turbine will be described below. 

(1) The low pressure steam turbine rotor shaft is preferably constituted by a low alloy steel having a fully temper 
bainite structure containing in weight 0.2 to 0.35 % of C, 0.1 % or less of Si, 0.2 % or less of Mn, 3.25 to 4.25 % of 
Cr. 0.1 to 0.6 % of Mo, and 0.05 to 0.25 % of V, and is preferakrfy manufactured in accordance with the same man- 

45 ufacturing method as that of the high pressure and intermediate pressure rotor shaft mentioned above. In particu- 
lar, it is preferable to manufacture in a super cleaning manner which uses a raw material having an impurity such 
as P. S. As. Sb, Sn and the like which Is made as low as possible in addition to 0.01 to 0.5 % of Si and 0.05 to 0.2 
% of Mn. whereby a total amount of the impurity In the employed raw material is reduced to a level of 0.025 or less. 
0.010 % or less of P and S, 0.005% or less of Sn and As and 0.001% of Sb are preferable. 

so (2) The other stages than the final stage of the low pressure turbine plate and the nozzle are preferably constituted 
by a fully temper martensite steel containing 0.05 to 0.2 % of C. 0.1 to 0.5 % of Si. 0.2 to 1.0 % of Mn. 10 to 13 % 
of Cr, 0.04 to 0.2 % of Mo. 

(3) The Internal and external casings for the low pressure turbine are both constituted by a cartjon casting steel 
containing 0.2 to 0.3 % of C. 0.3 to 0.7 % of Si and 1 % or less of Mn. 
55 (4) A main steam stopper valve casing and a steam adjusting valve casing are constituted by a fully temper mar- 
tensite steel containing 0.1 to 0.2 % of C, 0.1 to 0.4 % of Si, 0.2 to 1 .0 % of Mn, 8.5 to 10.5 % of Cr. 0.3 to 1 .0 % of 
Mo, 1 .0 to 3.0 % of W, 0.1 to 0.3 % of V, 0.03 to 0.1% of Nb. 0.03 to 0.08 % of N and 0.0005 to 0.003 % of B. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] 

Rg. 1 is a graph which shows a relation between a temperature for an aging treatment and a temperature for a solid 
SI i." r SnH 1*°;°? ''"'"^ " ^'^^ ^""9th of a solid soluCtreated and water cTeJmate^aJ 
SuJc^ ZSliJ^r^r" * * temperature for an aging treatment and a temperature for a solid 

Ral fe a S^h ^ ^"^ * target tensile strength of a solid solution treated and air cooleJ material; 

r^veJaJ roXrS^f* ' '^'^ « ""^^ ^ ««ter ^Jled material after 

ST^T™"' ' ^ °^ a solid solution treated and air cooSd material after a 

Fig. 5 is a grapii which shows a relation of a tensile strength between 1/2 1 and 1/4 f 
Ra 7?Af^ "Ha^ ^ '"1^!!°" absorption energy and a tensile strength; 

Ho a 2 1 1^^^ , ^ '!'^*'°" ^ '"^^ absorption energy and a tensile strengft; 

Fig. 8 IS a perspective view of a steam turbine Wade; 
Fig. 9 Is a side elevational view of a low pressure turiaine blade 

Se ari'con;SiT*^ "'""'''^ * "'^^^ * high pressure turbine and an intermediate pressure tur- 

Fig. 1 1 is a cross sectional view of a low pressure steam turbine; 

Rg. 12 is a cross sectional view of a high and intemiediate pressure tuitiine; 

Rg. 13 is a cross sectional view of a low pressure steam turbine; and 

Rg. 14 is a cross sectional view of a rotor shaft for a low pressure steam turbine. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[Embodiment 1] 

[0027] As a material for a steam turbine blade in accordance with the present invention an a + B tvoe Ti allov com 

'"'^'^ ^2 r'^^ *"'9ht % of V. 0.33 weight % Of Fe. 0.16 weight STS 2 31 weiSS % ofS 7Z 

weigM % Of Cu and the remainder Ti is employed. A pro-eutectoid a phase is 48 to 55 % at ^ 

a solid solution treatment, 37 to 46 % at 850 °C and 22 to 28% at 900 "C * « ow or a Temperature for 

m&8] A forged product (400 mm. 190 mm and 110 mm) having a Wade portion length 45 inches fbrmino the thickest 
SS'S 11 L°"^ "S^ °* * ^ "^""'"^ prepared a solid Xion trStmem m S^ to^l^? 

fr^?i/i ^ ^ *° ^ ^"^ *^ tour hours are performed, test pieces are saZed 

from a 1/2t portion corresponding to a middle of the thickness of a dovetail portion and a 1/4 porti«ilorri^<SZ, to 

J1T,^:.T V'"''" ^ '"^^"^'^ P^^'"^'- test is peSS222?a cLSSSfZ a 

S^fml ""^ ^ ^"^^ ^^'^ « «»«"9 operation in the solid ^l^on tr^mSm 

IS perfom^ed by two ways comprising a water cooling and an air impact cooling. A strength in accordanc^wSX 
ing speed is estimated in correspondence to a test piece sampling^osition accoraance with the cool- 

[0029] Table 1 shows a tensile strength and an impact absorbing energy at the 1/4t portion of the water coolPd n«t» 
rial employing the water cooling as the solid solution treatment, and T^e 2 s^o^^ M^Sle^^XaS i^iZ^S 
absorbing energy at the 1/2t portion. At the 1 /4t portion where the cooling sp^T^,^h^^.^^^,TtS 

ofttie temperature for the aging treatment and a tolerance is reduced. On the contrary, at the l/2t^rfonThere^^ 
cooking speed is low. the target strength 1 10 kg/mm^ or more can not satisfied in the soiwil^on frSmert m 900 

^ 1 /4t portion ^ere the coding speed is^h^^. '^e c^lt^g Z^^luen'r^^^^^^ ^ trs".S 
solu^onreatmentis low. the temperature for the aging treatmemisless Influenced as the te^^^ 
seen^Th^?^*" h" ^fr'*'^^^' ^ '^^^ to the impact abso*ing energy. thereTnTs gnS SJer^" 
fn a^^L^. w rr^^^ y ^ °' ^ ''^"^'^ to a security of the stre^^h is a 
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[0030] Further, as mentioned above, the strength in the dovetail portion is about 99 % the strength in the blade portion 
at the temperature for the solid solution treatment of 800 **C or less, however, when the temperature is increased to 850 
'^C and 900 "C. the strength is reduced to 96 % and 92 %. respectively. Accordingly, the temperature for the solid solu- 
tion treatment and the temperature for the aging treatment are adjusted as shown in Fig. 1 , whereby the strength in the 
£ dovetail portion is 96 % or more that of the blade portion. 



TABLE 1 



SOLID SOLUTION 
TREATMENT 


AGING TREATMENT 


TENSILE STRENGTH 
(kg/mm^) 


IMPACT ABSORBING 
ENERGY (kg-m) 


800*^0x1 h. WQ 


500°Cx4h 


118.7 


1.61 


600°Cx4h 


110.0 


1.78 


850**Cx1h, WQ 


500*Cx4h 


118.2 


1-74 


600«Cx4h 


113.6 


1.72 


900*Cx1h. WQ 


500*'Cx4h 


116.2 


2.13 


600**Cx4h 


112.2 


1.76 


NOTE) MECHANICAL PROPERTY OF PORTION OF THICKNESS 1/4t 



TABLE 2 



SOLID SOLUTION 
TREATMENT 


AGING TREATMENT 


TENSILE 
STRENGTH 
(kg/mm^) 


IMPACT ABSORB- 
ING ENERGY (kg-m) 


RATIO OF TENSILE 
STRENGTH WITH 
RESPECT TO 1/4t 


800*Cx1h, WQ 


500'*Cx4h 


117.2 


1.62 


0.9874 


600°Cx4h 


109.2 


1.70 


0.9927 


850*»Cx1h. WQ 


500^Cx4h 


113.5 


1.70 


0.9602 


600°Cx4h 


110.1 


1.68 


0.9692 


900*»Cx1h. WQ 


500°Cx4h 


106.9 


2.12 


0.9200 


600''Cx4h 


105,9 


1.78 


0.9439 


NOTE) MECHANICAL PROPERTY OF PORTION OF THICKNESS 1/2t 



[0031 ] Table 3 shows a tensile strength and an impact absorbing energy at a 1/2t portion (a portion where the cxxjiing 
speed is the lowest) in accordance with the impact air cooling. In the same manner as that of the water cooled material, 
with arranging the relation between the temperature for the aging treatment and the temperature for the solid solution 

45 treatment for obtaining the target strength, in the case that the impact air cooling operation is performed at the solid 
solution treatment, in order to reduce the strength difference between the dovetail portion and the blade portion men- 
tioned above, a hatched area shown in Fig. 2, that is, the temperature for the aging treatment and the temperature for 
the solid solution treatment in a range connecting tour points comprising E (525 *C. 855 **C). F (510 *C. 790 •C). G (410 
*»C, 790 **C) and H (410 **C. 855 *»C) is preferable. As shown In Table 3. it is understood that an excellent strength 96 % 

so or more that in the blade portion can be obtained as the strength corresponding to the dovetail portion. 

[0032] A 0.02 % proof stress of the 800 **C impact air cooled material is 93 to 1 01 kg/mm^ at the 1 /4t portion and 93 
to 100 kg/mn^ at the iy2t portion, a 0.2 % proof stress is 103 to 106 kg/mm^ at the 1/4t portion and 96 to 107 kg/mm^ 
at the 1/2t portion, an elongation rate is 15 to 17 % in any cases, and a drawing rate is 22 to 43 % at the 1/4t portion. 
40 to 50 % at the 1/2t portion. Further. Hv hardness Is 335 to 356. 

55 
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TABLE 3 
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_ SOLID SOLU- 
TION TREAT- 
MENT 


-AGING TREAT- - 
MENT 


PORTION 


TENSILE 
STRENGTH 

V•^||/l ■ II 1 1 j 


IMPACT ABSORB- 
ING ENERGY (kg- 
m) 


RATIO OF TEN- 
SILE STRENGTH 
WITH RESPECT 
TO 1/4t 


800«Cx1h 


500*»Cx4h 


1/4t 


112.8 


1.83 




1/2t 


110.8 


1.88 


0.9823 


600«Cx4h 


1/4t 


108.3 


1.85 




1/2t 


104.0 


1.81 


0.9603 


SSO^'CxIh 


500'Cx4h 


1/4t 


112.0 


1.88 




1/2t 


110.4 


1.92 


0.9857 


600«Cx4h 


1/4t 


109.3 


1.87 




1/2t 


108,7 


1.94 


0.9945 



f^!^ "^T^^' * increasing the cooling speed at the thick portion, there Is a rough working of 

1 "^^t^ ^ « correspondence to each of forks en the 

dcveta.1 .s formed .n a fork type. In this method, since the interval between the sitels smaller than 1/4t an^f tS te^ 
8l.t8 are required, a cooling operation is perfomied from a front surface and a whole cooling ^ is n a^^^ to 
or more than that of the 1/4t portion before worked. Accordingly, with arranging the relatiJ^^eer^^he ISlS^S^^ 

porton and the thin portonin accordance with the resurtofTaWel.in the case that the so^^ 

^nne^S"£ Tn "f'""'^ ""'^ ^^'"^ « ^ ^^^^ ^^^'^ Fig. 3^^!s a^ge 

connecting four pointe comprising J (685 »C. 855 -C). K (585 -C. 790 -C), L (410 °C. 790 "C) and M (410 -C SK-C) 
can be performed. The same matter can be applied toihe case of the impact air cooling at thi ^JsoSL freaSert 
and with airanging ttie relation between the temperature for the aging tr^tment and ttS tei^era SHor tSe sSS 

P?„ ?r f "^'"^ pertormed after forming the slit, a heat treatment in a hatched area shown in 

^ '^'''^ ^ °^ s*^e"9«i between the 1/2t and the 1/4t As shown in Ra 

so?so.SrrT' ^^^^^-^ ^° ^"^ «50 -C. a difference in the tenp JS^for fte 

tN^nS^L^ 1 emperature caused by the thickness is small, the strength in the thickness of 1/2t is 96T% o?,^e Se 

lowered to 94.4 % or less, so that it is not preferable. wouwiyuiw 

. ^ * "^^'^^ ^ '^'at'o" between the impact absorbing energy (y) and the tensile strenoth W 

'y ^o LT^TT^l':!:':'^''' °' •'.^ "■^'^ '>o«<^tTr'irr^TtoTS^u2 
y - -0.01 96x + 3.93 . an uppermost line corresponds to a formUa y « -0.0196x + 4 08 and the Ti-base adAv in fho 

n^;, ? ? * '""^ '"^"^ thickness can be obtain«l 

in th« 1^' ^ 9'aph which shows a relation between the impact absorbing energy (y) and the tensile strength (x) 
y- Sosfax^lo^'^:^' dovetail. A bottommost line Corresponds to a foC^S 

y = 0.0213X + 4.025 . an uppermost line corresponds to a formula y = O.0213x + 4 272 and the Ti-hase aiir^ in #Z 

Kii n^'SHf !k ^'"^ °' *® ^'^ ^ the 1/4t is higher in the blade portion than the 

'^^f^' ''9her in the dovetail portion than the Wade pSli«^ Se 

case of the impact air cooled matenal. and in both cases, it becomes high within 5 % po i on in me 
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[Embodiment 2] 

[0039] Fig. 8 is a perspective view of a steam turbine blade at the final stage of ttie low pressure turbine for the steam 
turbine having a length 43 Inches of a blade portion for 3600 rpm and a steam temperature of 538 to 650 **C. A dovetail 

5 52 Is formed by eight forks, and in the case of a blade portion length 46 inches, it is formed by nine forks. In the present 
embodiment, the Ti-t)ase alloy described in the embodiment 1 is employed, in particular, it is preferable to employ the 
structure that the tensile strength in the dovetail portion is set to 110 kg/him^ and the tensile strength in the dovetail por- 
tion is set to 96 % or more the tensile strength in the Wade portion. Reference numeral 53 denotes a hole for inserting 
a pin. and reference numeral 54 denotes an erosion shield in which a Tl-t)ase alloy containing 10to20%ofV. 1.5to5 

10 % of Cr. 1 .5 to 5 % of Al and 1 .5 to 5 % of Sn or a stellite Co-base alloy containing 2 to 3 % of C, 20 to 35 % of Cr, 10 
to 25 % of W and 0 to 10 % of Fe is brazed or electron beam welded, however, In this case, the former Ti-base alloy is 
employed. Relerence numeral 57 denotes a continuous cover Reference numeral 55 denotes a tie boss. 
[0040] A description will be made of an embocfiment of manufacturing a turbine blade in accordance with the present 
embodiment tjelow. 

75 [0041 ] At first, an ingot having the same composition as the alloy composition shown in the embodiment 1 is roughly 
forged to a circular rod material at about 850 **C m the a + p temperature range, and thereafter, a similar blade material 
of the blade portion and the dovetail portion is formed by a die forging at the same temperature. Both portions are made 
in a thickness about 1 .3 times the final finishing size. Next, the nrwterial is held at 850 *C for an hour, and a whole is 
thrown into a water and a hardening is performed. After hardening, it is mechanically worked to a substantially final 

so shape in accoidance with an NC process, and next, the Ti-base alloy plate containing 15 weight % of V, 3 weight % of 
Cr, 3 weight % of Al. and 3 weight % of Sn is brazed in a leacfing edge portion of the blade portion front end. Next in a 
state of fixing the blade portion to a jig having a predetermined profile shape and forcibly holding, it is heated at 500 ^'C 
for four hours commonly performing the aging treatment. The erosion shield 54 is obtained by hardening after previ- 
ously heating at 800 ""C four twenty minutes. 

25 [0042] After the final heat treatment mentioned atx>ve, a blade profile having a final shape, a blade mounting portion 
and a pin inserting hole thereof are processed by a final machine process, thereby becoming a product. In accordance 
with the present embodiment, the tensile strength of the blade mounting portion is 98 % or more than the blade portion, 
and he impact value is equal to each other. 

[0043] The Wade nnounting portion 52 in accordance with the present invention is of the type comprising eight forks. 
30 and three pin inserting holes are provided in each of the forks. Further, the blade portion 51 as seen from a side surface 
in Fig. 8 Is provided with a continuous cover 57 at the front end thereof in the same manner as Rg. 9. and is brought 
into contact with each other so as to be formed in a ring shape in ail the periphery. Then, it is structured such as to be 
substantially in parallel to an axial direction of the rotor shaft in the mounting portion of the blade portion 51 and twisted 
so as to about 75.5 degrees cross to the axial direction at the front end. The continuous cover 57 has the same com- 
as position as that of the blade material, and has a thickness corresponding to the thickness of the 1/4t. 

[0044] In this case, in the case of the structure for 3000 rpm, it is possible to manufecture the structure having the 
blade portion length 52 inches or more in the same manner as that of the present embodiment. A number of the forks 
of this blade is nine. 

40 [Emtjodiment 3] 

[0045] Fig. 9 is a side elevational view of a structure in which the blade mounting portion is formed in an inverted 
Christmas tree shape in place of the fork shape. A steam turljine blade shown in this drawing has the same structure 
except the type of the blade mounting portion 52 in comparison with Fig. 8 mentioned above. Further, in the present 

45 emkxxJiment, the Ti-base alloy in the embodiment 1 is employed. As shown in this drawing, the blade mounting portion 
52 has four-stepped straight projections in both sides, and the k)lade portion by a high speed rotation is mounted and 
fixed to the rotor shaft by means of the projections. Then, a groove having the same space as the outer appearance of 
the rotor shaft Is formed in the rotor shaft in such a manner as to be mounted along the axial direction of the rotor shaft. 
Further, the continuous cover 57 is provkled in the front end portion of the blade portion 51 . tiie blade portion of tiie 

so mounting portion is formed substantially in parallel to the axial direction of the rotor shaft and the front end portion is 
formed in such a manner as to about 75.5 degrees cross to the axial direction as in the same manner as mentioned 
above. 

[0046] Also in accordance with the present embodiment, it is possible to form the structure having the blade portion 
length of 43 inches. 46 inches and 48 inches with respect to the rotational speed 3600 rpm. and furtiier it is possible to 
55 form the structure having the blade portion length of 52 inches with respect to the rotational speed 3000 rpm. The pro- 
jection mentioned above is formed in four steps till 46 inches, however is formed in five steps with respect to a size of 
48 inches or more. 

[0047] Further, the Ti-base alloy plate or the Co-base alloy plate is employed in the erosion shield 54 as mentioned 
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above, and the erosion shield 54 is bonded in the same manner. 
[Embodiment 4] 

10048] Table 4 shows a main specification of a steam turbine having a steam temperature of 625 »C and 1050 MW in 
«^ **L*'^P'-«^"* -n^e P'-esent embodiment is structured in a aoss compound S^eT wayexhauS 

bvtm nachines comprising an HP-IP and two LP and B is constituted by an HP-LP and an IP-LP both having the same 
a^ 1^1 iJTm^^^ ^'^"'^ ^^^^ ^ ^ temperature of 625 -C and the pressure of 250 M/cm^ 

to « L^S^l! t ♦ ^ ® P'^'® ^^^^ steam temperature of 400 -C and is fed 

to a condenser at a temperature equal to or less than loO -C and vacuum in 722 mmHg .5 rea 

1"^''°°''^!.^ "^"^ ^'^^ embodiment, a total of a distance between the bearings connecting the high 
pressure turbine and the intermediate pressure turbine in a tandem manner wHh respect to the Wade portion ten Jh of 

SS^f 1 1 "1^"^ ®' ^ 28.8 and the structure is made compact. 

*h."?r ^'^^ P^es«« embodiment, a ratio between the distance between the bearings oon- 

put (MW) of the steam turbine power generating plant and the total distance (mm) of the distances between the 
beanngs of two low pressure turbines connected in a tandem manner is 30. aisances oetween the 
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TURBINE TYPE 



ROTATIONAL FREQUENCY 



STEAM CONDITION 



TURBINE STRUCTURE 



B 



HIGH PRESSURE FIRST 
STAGE BLAJE 
STRUCTURE 



COMPLICATED CURRENT TYPE 

2 TENON SADDLE-SHAPED DOVETAIL BLADE 



LOW PRESSURE FINAL 
STAGE BLADE 



Ti-BASE ALLOY 



MAIN STEAM STOP 
VALVE BODY 

STE7VM CONTROL VALVE 
BODY 



HIGH PRESSURE ROTOR 

MIDDLE PRESSURE 
ROTOR 

LOW PRESSURE ROTOR 



HIGH TEMPEPATURE 
PORTION ROTATIONAL 
BLADE 



HIGH 

PRESSURE 

WHEEL 

CHAMBER 



INNER 
PORTION 

OUTER 
PORTION 



MIDDLE 
PRESSURE 
WHEEL 
CHAMBER 



INNER 
PORTION 

OUTER 
PORTION 



THERMAL EFFICIENCY 
(AT RATED OUTPUT AND 
POWER GENERATING 
END) 



CC4F-43 



3600/3600 TIMES /MINUTE 



24 . lMPa-625**C/625!C 





HIGH STRENGTH 12Cr FORGED STEEL 



HIGH STRENGTH 12Cr FORGED STEEL 
HIGH STRENGTH 12Cr FORGED STEEL 

3.5Ni-Cr-Mo-V FORGED STEEL 



FIRST STAGE, HIGH STRENGTH 12Cr 
FORGED STEEL 



HIGH STRENGTH 9Cr FORGED STEEL 

HIGH STRENGTH Cr-Mo-V--B FORGED STEEL 



HIGH STRENGTH 9Cr FORGED STEEL 

HIGH STRENGTH Cr-Mo-V-B FORGED STEEL 



47.5% 



^CC4F-4 3: CROSS COMPOUND TYPE 4 WAY EXHAUST, 
USE 4 3 INCHES LONG BLADE 

HP: HIGH PRESSURE PORTION IP: MIDDLE PRESSURE PORTION 
k^LP: LOW PRESSURE PORTION R/H: REHEATER (BOILER) y 



[0051] Fig. 10 is a schematic view of a cross sectional structure of the high pressure and intermediate pressure steam 
turbine in the item A of the turbine structure shown in Table 4. The high pressure steam turbine is provided with a high 
pressure axle (a high pressure rotor shaft) 23 mounting a high pressure rotor blade 16 within a high pressure internal 
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chamber 18 and a high pressure external chamber 19 disposed outside the intemal chamber ia The high temperature 
and high pressure steam can be obtained by the boiler mentioned abme. is fed to a main steam inlet 28 from a flange 
a^ an elbow 25 constitutng the main steam inlet through the main steam pipe and guided to the rotor blade at the first 
stagedual current from a nozzle box 38. The first stage is structured in a dual current, and eight stages are provided at 
one side. The stator blades are respectively provided in correspondence to the rotor blades. The rotor blade is struc- 
tur^ in a saddle ^e dovetail type, a double tenon and about 35 mm of the first stage blade length. A length between 

™ ® °* *e portion corresponding to the stator blade portion 

IS about 71 0 mm. and a ratio of the length with respect to the diameter is about 8.2. 

5!L^f I, I? ^''"•'^^"^^ embodiment, a material shown in Table 7 mentioned below is used for the first 

ml^t^-T f \ ^ ° *® ^ accordance with the present embodiment is 35 to 50 

^ mlii *"s^stage. is longer at each of the stages from the second stage to the final stage, and in particular. 65 to 

to^T. Ill ? ^^."^ ^^^^ ^ ^^"^ ^^^^ """^ ^ 'f'e a number of thrstages Is nine 

that the length in the downstream side e longer than that of the adjacent upstream side. Further, the rate is gradually 
increased in the downstream side. 

H^y!"'^*" '^^Z^ "y?!"^ accoKfance wHh the present embodiment is structured such that the distance 

t^Sr^!^^r^f ^ '! l."^' ^'^ ^ °* *® ^'^'^"^^ ''^■"9« respect to the blade por- 

ion length of the final stage rotor blade In the low pressure turbine is 4.8. Further, a ratio of the distance (mm) between 
r^iSif ""^ h.gh pressure tu*ine with respect to the rated output (MW) of the power generating plant is S.O. 

Sir J^ jr h- T "'^"'^ ^"^""^ ^« *° '^"^ P°^^' 9«"«rating machine 

h^?^ir^ f Pl^^'^ by steam obtained by again heating the steam discharged from the 

h^h pressure steam turbrne to a temperature of 625 "C by using the reheater. and is rotated at a rotational speed of 
3600 tinies per minute. The intermediate pressure turbine has an intermediate pressure internal second chamber 21 
fs^roIililTSS^Cfr" T"'^'^^"*^ 22 in the same manner as the high pressure turbine, and a stator blade 
^ ™ ^^'^ ^ ^°*°r blade 17 is structured at six stages and in 

2 SS^I^iln! '"*T^L ^TT ^'"^ intermediate pressure rotor shaft) . The distance between the centere 

SX^mm Th^H IT V ^ ^tage Wade length is about 

r^rT.« .n . ! ^ l"^'^"^ ^^"^ '""^^ Christmas tree type. A diameter of the 

SL„!J J ^T^^ *° ^'^^ P"*^ ^°t°^ blade is about 630 mm. and a ratio of the 

distance between the beanngs with respect to the diameter is about 9 2 times 

tnSf L .ZflT' ^1? °* ^^"^ irrtermediate pressure steam turbine in accordance with the present embodiment is struc- 
lltT^ ^ ^ ^ °' "^'^^ P°^°" « increased at three steps from the first 

tSat^ t^e^iS^^ ^"^ """^ "'"P' is iTtimes greater 

T"^®!; ^''^ '5°' structured such that the diameter of the portion corresponding 

SIoL^S'tH !?T ^ :f^"''^' ^""^ ^^'^ »«>"i tl^e f iist stage rotor Wacte to the 

^ !??H 1? "^"^^^ ^"^ ^ ♦he axial direflion of the latter with 

« respect to the former is reduced to atx)ut 0.75 times. 

iSftl JCf^fi'^*'^ *"!i*l!f present embodiment, the 12 % Crease steel containing no W. Co and B is used except 
rSJion ^ 7 "lentoned below is used for the first stage blade and nozzle. The length of the Wade 

porton c* the rrtor blade m accordance with the present embodiment is increased at each of the stages from the first 
S '^"9*'^ '^"^ stage to the final stage is 60 to 300 mm in accordance with the output 

« ^r.TZ"l T; Tt ^* '''^^''^}° s*«9«^- '«"9th Of the wade portion of each of the stages is increased 

1 • 1 to 1 .2 between the adjacent lengths in the downstream side with respect to the upstream side 
n^i ™ nxjunting portion of the rotor Wade is stmotured such that the diameter thereof is larger than that of the 
SSlVn^r K'"^ *° ""fZ '^^^ ^^'^'^ •'^^ •^""♦'"9 *«th is increased i^ 

iTth^l^lh nfTt! H ""^'^ ^ "^"^ °* "^^ thereof with 

r!f ^ ^ the length of the Wade portion of the rotor Wade is 0.35 to 0.8 from the first stage to the final stage, and is 
reduced from the first stage to the final stage step by step. 

IJ^IJ?® intermediate pressure turbine in accordance with the present embodiment is structured such that the dis- 
S^^L tff t*^"* '^'^ °* ^'^"'^^ ^^'^'^ the bearings of the intermediate pressure 

the rate of the distance (mm) between the bearings with respect to the rated output (MW) of the power generating plant 

thftHLn^lT'"® *° ^'^ '''a^ P'^^^"^^ turt)ine is a saddle type mounting type, and 

the turbine Wades mounted to the second stage and thereafter of the high pressure turtjine and all the stag^ the 
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intermediate pressure turbine are formed in an inverted Christmas tree shape. 

[0061 ] Fig. 1 1 is a cross sectional view of a tow pressure tuibine having a rotational speed of 3600 rpm. Two low pres- 
sure turbines are connected in a tandem manner, and have substantially the same structure. Eight stages of rotor 
blades 41 are provided in each of right and left portions, they are provided in the right and left portions substantially in 

5 a symmetrical manner, and the stator blade 42 is provided in conespondence to the rotor blade. The steam turbine 
blade made of the Ti-base alloy, formed in a double tenon and having the blade portion length of 43 inches as shown 
in the embodiment 2 or 3 is employed for the final stage rotor blade. The nozzle txix 45 is a dual current type. 
[0062] A forged steel of a super-cleaned fully tempered bainite sted shown in Table 5 is used for the rotor shaft 44. 
With respect to the steel shown in Table 5, various kinds of characteristics are searched by using a steel lump of 5 kg. 

10 These steels are obtained by heating at 840 ^'C for three hours after a hot forging, hardening by cooling at 1 00 **C/h and 
thereafter tempering by heating at 575 ""C for 32 hours. Table 6 shows a characteristic at a room temperature. 
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TABLES 



Mo 
IMO. 


n (\0 9L 
U.U^ /o 

PROOF 
STRESS 

(knlmrn^\ 


PROOF 
STRESS 

i 1 II 1 1 J 


STRENGTH 
(kg/mm2) 


F LONG A- 
TION RATE 
(%) 


DRAWING 
RATE (%) 


IMPACT 
VALUE (%) 


FATT (**C) 


1 


82.6 


93.6 


106.6 


19.8 


65.1 


13.8 


-27 


2 


82.5 


93.2 


107.2 


20.1 


64.2 


15.5 


-23 


3 


83.4 


93.9 


106.8 


19.2 


63.9 


12.3 


-59 


4 


79.9 


89.3 


102.8 


19.7 


61.9 


11.2 


-39 


5 


84.2 


95.4 


107.9 


18.9 


64.2 


10.6 


-55 


6 


83.9 


94.8 


107.6 


19.5 


64.0 


14.5 


-20 



10 



15 



[0063] All the samples have a fully tempered bainite structure. They have a high strength and a high toughness, that 
20 is. 80 kg/mm^ or more of 0.02 % proof stress, 87.5 kg/mm^ or more of 0.2 % proof stress. 1 00 kg/mm^or more of tensile 
stress. 10 kg-m or more of V notch inrpact value and -20 *»C or less of FATT, so that they satisfy a mounting of the 46 
inch structure as well as the structure having the blade length 43 inches or more for the final stage rotor blade in accord- 
ance with the present emtKxiiment. No. 4 having a little large amount of Cr has a low strength, and the amount of Or is 
. preferably set to about 2.20 % or less. In particular, the 0.2 % proof stress (y) is preferably set to a value equal to or 
25 more than a value obtained by a formula (1 .35x - 20.5) with using the 0.02 % proof stress (x), more preferably a value 
obtained by a formula (1 .35x -19). 

[0064] 12 % Cr steel containing 0.1 % Mo is used for all of the rotor blades and the stator blades in the stages other 
than the final stage. A cast steel containing 0.25 % C is used for the internal and external casing members. A distance 
between the centers in the bearing 43 in accordance with the present embodiment is 7500 mm, a diameter of the rotor 

30 shaft corresponding to the stator blade portion is about 1 280 mm, and a diameter in the rotor blade mounting portion is 
2275 mm, A distance between the centers of the bearings with respect to the diameter off the rotor shaft is about 5.9. 
[0065] The continuous cover 57 is formed by a cutting process after integrally forging the whole in accordance with 
the present invention. In this case, the continuous cover 57 may be mechanically formed as a unit. 
[0066] The bw pressure turbine in accordance with the present invention is structured such that a width in an axial 

35 direction of the rotor blade mounting portion is gradually increased by four steps comprising the first to third stages, the 
fourth stage, the fifth stage, the sixth to seventh stages and the eighth stage, and the width of the final stage is 2.5 times 
larger than the width of the first stage. 

[0067] Further, the diameter of the portion corresponding to the stator blade portion is reduced, the width in the axial 
direction of the portion is gradually increased by three steps comprising the fifth stage, the sixth stage and the seventh 
40 Stage from the first stage rotor blade side, and the width of the final stage side is 1 .9 times larger than that between the 
first stage and the second stage, 

[0068] The rotor blade in accordance with the present invention is constituted by eight stages, the length of the blade 
portion is increased at each of the stages from about 3 inches at the first stage to 43 inches at the final stage, the length 
of the stages from the first stage to the final stage is increased from 90 to 270 mm and at eight stages or nine stages 

45 in accordance with the output of the steam turbine, and the length of the blade portion in each of the stages is increased 
at a rate of 1 .3 to 1 ,6 times with respect to the adjacent length in the downstream side against the upstream side. 
[0069] The mounting portion of the rotor blade is structured such that a diameter is greater than the portion corre- 
sponding to the stator blade and the mounting width is increased in accordance with an increase of the blade portion 
length of the rotor blade. The rate of the width with respect to the length of the \o\ade portion in the rotor blade is 0.15 

50 to 0. 1 9 from the first stage to the final stage, and is reduced step by step from the first stage to the final stage. 

[0070] Further, the width of the rotor shaft in the portion con-esponding to each of the stator blades is increased step 
by step at each of the stages from the portion between the first stage ar^j the second stage to the portion between the 
final stage and the preceding stage. The rate of the width with respect to the length of the blade portion in the rotor blade 
is 0.25 to 1 .25 and is reduced from the upstream side to the downstream side. 

55 [0071 ] The low pressure turbine in accordance with the present invention is structured such that two turbines are con- 
nected in a tandem manner, the total distance between the bearings is about 18.3 m. the ratio of the total distance 
between the bearings of two low pressure turbines connected in a tandem manner with respect to the length of the 
blade portion of the final stage rotor blade in the low pressure turt>ine is 16.7. and the rate of the total distance (mm) 
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"^^r^co !* ^ ^"^^ °* ^° P'®^"'® connected in a tandem manner with respect to the rated 

output 1 050 (MW) of the power generating plant is 1 7.4. 

[0072] In addition to the present embodiment, the same structure can be enployed to the 1 000 IVIW class large capac- 
_ ity power generating plant having the steam inlet temperature to the high pressure steam turbine and the intermediate 
?A^^'® °C a™* steam inlet tenperature to two low pressure steam turbines 385 

S rZl S^Tk T"'^ and high pressure steam turbine plant in accoidance with the present embodiment is 
mainly constituted by a boiler exclusively burning a coal, a high pressure turbine, an intermediate pressure turbine two 
low pressure turbines, a condenser, a condensing pump, a low pressure water supply heater system, a deaeratw a 
pressure increasing pump, a water supply pump, a high pressure water supply heater system and the like. That is" a 

10 ultra high temperature and high pressure steam generated in the boiler enters into the high pressure turbine so as to 
generate a power, and thereafter is again reheated by the boiler and enters into the intermediate pressure turbine so 
as to generate the power. The intermediate pressure turbine discharged steam is condensed in the condenser after 
er«ering into the low pre^e turbine so as to generate the power. The condensed fluid is fed to the low pressure water 

« f« I ? ^ deaerator by the condensing pump. The supplied water deaerated in the deaerator is fed 

^ ^'^^"if ""^^^ ^P"'^ ^''^ '^^^^ ^PP'y P""V ^ heated, and thereafter retumed to the boiler. 

50 r^'^ r T ^"PP"^ ^'^^ * « *^ temperature and a high pressure with 
p^ng through a fuel economizer, an evaporator and a super heater. Further, on the contrary, the boiler combustion 
gas heating the steam comes out from the fuel economizer, and thereafter enters into an air heater so as to heat the 
air. In this case, a water supply pump driving turbine driven by an extracted steam from the intermediate pressure tur- 

so bine is employed for driving the water supply pump. 

[0075] In the high temperature and high pressure steam turbine plant etnictured in the manner mentioned above 
^!nn»ii^ ntf out from the high pressure water supply heater system become^ 

significanMy higher than the temperature of the supplied water in the conventional thermal electric power plant the tem- 
perature of the combuston gas coming out from the fuel economizer within the boiler necessarily higher than that of the 
co.went.ona boiler in a significant level. Accordingly, it is intended to recover a heat from the boiler discharged gas so 
as to prevent the gas temperature from lowering. 

[0076] Further, in place of the present embodiment, the same structure can be applied to a tandem compound type 
^Z^f^ 'l*^""' P'®^"'® connected to each of the high pressure turbine and the 

mtermediate pressure turbine in a tandem manner and one power generator is connected to each of them so as to gen- 
erate a power. In the power generator of an output 1050 MW class in accoitlance with the present embodiment a 

T^l Z TZ ° ' ^ °* °' ° ^ to 0.3 % of Si. 0.5 % or less of Mn. 3.25 to 4.5 % of Ni. 2 05 to 3.0 %ofO 

^^^L .1°^^" ° *° ° ^° °' ^' ^ "^'^"^ temperature of 93 kgf/mm^ or more 

] °' ^"^ ''^'""3 a 50 % FATT of 0 "C or less, particularly -20 «>C or less is preferable, and 

r f nl= ^ magnetzaton force at 21 .2 KG of 985 AT/cm or less, a total amount of P. S. Sn. Sb and As 
as impurity of 0.025% or less and a Ni/Cr ratio of 2.0 or less is preferable 

}^JI!.r, ^'^T"^ Structured such that nine stages of blades are mounted thereon around the 

5 1 « ^ mounting portion in a multiple stage side. The intermediate pressure turbine shaft is structured such 
hat the Wade mountng portion is provided so that the multiple stage blades are arranged at six stages in the right and 
^ portions substantially in a symmetrical manner substantially on the boundary of the center thereof. The rotor shaft 
tor the low pressure tuibine is not illustrated, however, a central hole is provided in the rotor shaft of all of the high pres- 
sure, intermediate pressure and low pressure turbines, and it is inspected by an uHrasonic inspection, a visual inspec- 
tK>n and a fluorescent penetrant inspection through the central hole whether or not a defect exists Further the 
f^^S^°x T ^® P«'^°"^«* ^ an ultrasonic inspection from an outer surface, and the central hole may be cancelled 
10078] Table 7 shows a chemical composition (a weight %) of the material used for the main portion of the high pres- 
taZ^fl"^' 'T'""^^^ ^'^'^ ^ the low pressure turbine in accordance with the power generating 
p^ant of the present embod«nent. In accordance with the present embodiment, since all of the high temperature portion 
of the high pr^ure portion and the imermediate pressure portion is made of the material having a ferrite crystalstruc- 

« l!^!^ a "Efficient of thermal expansion of about 12 x 10-6^C. there is no problem caused by a difference of a coef- 
50 f icient of thermal expansion. 

[0079] The rotor shaft of the high pressure turbine and the intermediate pressure tuibine is formed by dissolving 30 
t«is Of a heat ^s«ting cast steel described in Table 7 (weight %) in an electric furnace, vacuum deoxidizing a carbon 
^Th II^ ""T ^ *° an electrode rod, again dissolving an electronic slug so 

ss ^LL^^ , ""^ ^" "PP®' P^'**"" °^ ^ast Steel to a lower portion thereof, and forging in a rotor 

55 Shape (diameter 1050 mm and length 3700 mm). The forging is performed at a temperature equal to or less than 1 150 

«r L?!? ' r^®"* ^ ^^'"^ '^"^ Py annealing the forged steel, thereafter heating to 1050 

^ spraying a water, tempering at 570 -Cand 690 -C tor two times and cutting to afinal shape. In accord- 
ance with the present embodiment, the upper portion side of the lump of the electronic slug steel is set in the first stage 
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blade side and the lower portion thereof is set In the final stage side. All of the rotor shafts have the central hole, how- 
ever, the central hole can be cancelled by lowering the impurity. 

[0080] The blade and the nozzle in the high pressure portion and the low pressure portion is formed by dissolving the 
heat resisting steel descrit>ed in Table 7 by the vacuum arc dissolving furnace and forging to the shape of the t>lade and 

5 the nozzle (width 150 mm, height 50 mm and length 1000 mm). The forging is performed at a temperature equal to or 
lower than 1 150 •C for preventing the forging crack. Further, it is obtained by heating the forged steel to 1050 **C.per- 
forming an oil hardening treatment and a tempering treatment at 690 *C and next cutting to a predetermined shape. 
[0081 ] The internal casing of the high pressure portion and the intermediate pressure portion, a main steam stopper 
valve casing and a steam adjusting valve casing are manufactured by dissolving the heat resisting cast steel descril>ed 

10 in Table 7 in the electric furnace, refining in a ladle and thereafter casting to a sand mold casting die. A product with no 
casting defect such as a shrinkage cavity and the like can be obtained by performing a sufficient refining and deoxidi- 
zation prior to casting. An estimation of a welding capability with using the casing material is performed in accordance 
with JIS Z31 58. A temperature for a preheating, during a pass and for starting a post-heating is set to 200 •C and a tem- 
perature for a post-heating is set to 400 **C for thirty minutes. No welding crack is recogrvzed in the material of the 

15 present invention, and a welding capability is good. 
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of the high temperature steam turbine made of the ferrfte steel mentioned above. 
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[0083] As a reajit of searching the center portion of the rotor shaft, it is recognized that characteristics (625 ^'C, 1 0^ 
h strength s 10 kgf/mm^, 20 ^'C inpact absort)ing energy s 1.5 kgf-m) required for the high pressure and intermediate 
pressure turbine rotors are sufficiently satisfied. Accordingly, it is proved that the steam tuibine rotor usable in the steam 
at a temperature equal to or more than 620 *C can be manufactured. 
5 [0084] Further, as a result of searching the characteristic of the l)lade. it is recognized that characteristics (625 **C, 
10^ h strength s 15 kgf/mm^ required for the first stage blade of the high pressure and intermediate pressure turbines 
are sufficiently satisfied. Accordingly. It is proved that the steam turbine blade usable in the steam at a temperature 
equal to or more than 620 '^C can be manufactured. 

[0085] Still further, as a result of searching the characteristic of the casing, it is recognized that characteristics (625 
10 10^ h strength ^ 10 kgfMim^. 20 *C impact absorbing energy ^ 1 kgf-m) required for the high pressure and interme- 
diate pressure turbine casings are sufficiently satisfied and a wekling can be performed. Accordingly, it is proved that 
the steam turbine casing usable in the steam at a temperature equal to or more than 
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620 "C can be manufactured. 



SS^riormi!!^ embodiment Cf-Mo low alloy steel is build up welded on a journal portion of the high pressure 
and intermediate pressure rotor shafts, thereby improving a characteristic of the bearing. The build up wefding is per 
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formed in the following manner. 

[00871 A coated electrode (diameter 4.0 0) is employed for a welding rod to be tested. A chemical composition (weight 
%) of a weld metal in the case of welding by using the welding rod is shown in Table 9. The composition of the weW 
metal is substantially the same as the conrposition of the weld material. A welding condition is that a welding cunrent is 
5 1 70 A. a voltage is 24 V and a speed is 26 cm/min. 



TABLE 9 



10 



IS 



No. 


C 


Si 


Mn 


P 


S 


Ni 


Cr 


Mo 


Fe 


A 


0.06 


0.45 


0.65 


0.010 


0.011 




7.80 


0.50 


REMAINDER 


B 


0.03 


0.65 


0.70 


0.009 


0.008 




5.13 


0.53 




C 


0.03 


0.79 


0.56 


0.009 


0.012 


0.01 


2,34 


1.04 


n 


D 


0.03 


0.70 


0.90 


0.007 


0.016 


0.03 


1.30 


0.57 


n 



[0088] An eight layers of build up welding is performed on a surface of a base metal to be tested mentioned above by 
combining the used welding rods at every layers as shown in Table 10. A thickness of each of the layers is 3 to 4 mm, 
20 a total thickness is about 28 mm and the surface is about 5 mm cut 

[0089] A condition for welding is that a temperature for preheating, during a pass and for starting a stress relieving 
(SR) is 250 to 350 **C and a condition for the SR treatment is keeping the temperature 630 *C for 36 hours. 



TABLE 10 



FIRST 
LAYER 


SECOND 
LAYER 


THIRD 
LAYER 


FOURTH 
LAYER 


FIFTH 

LAYER 


SIXTH 
LAYER 


SEVENTH 
LAYER 


EIGHTH 
LAYER 


A 


B 


C 


D 


D 


D 


D 


D 



30 

[0090] In order to confirm a performance of the welded portion, a build up welding is applied to a plate nraterial and 
a side bending test at 1 60 degrees is performed, however, no crack is recognized in the welded portion. 
[0091 1 Further, a bearing slide test in accordance with a rotation in the present invention is performed, however, in all 
of them, the bearing is not badly influenced and an excellent anti oxidation can be obtained. 
35 [0092] In place of the present enobodiment. in a tandem type power generating plant structured such that the high 
pressure steam turbine, the intermediate pressure steam tuibine and one or two low pressure steam turt^ne are con- 
nected in a tandem manner and a rotation is performed at 3600 numbers, and a turbine structure B shown in Table 4, 
the structure can be made by the same combination of the high pressure turbine, the intermediate pressure turbine and 
the low pressure turbine in accordance with the present emt>odiment. 

40 

[Embodiment 4] 

[0093] Table 1 1 shows a main specification of a steam turbine having a main steam temperature of 538 **C/566 
and a rated output of 700 MW. The present embodiment is of a tandem compound double flow type, has a final stage 

45 blade length of 46 inches in the low pressure turbine, is formed as HP (high pressure) and IP (intermediate pressure) 
integral type or one LP (C) or two LP (D). has a rotational speed of 3600 rpm, and is made of the main material shown 
in the table at the high temperature portion. The steam at the high pressure portion (HP) has a temperature of 538 **G 
and a pressure of 246 kgf/cm^, the temperature of the steam at the intermediate pressure portion (IP) is heated by the 
reheater, and an operation is performed by the pressure off 45 to 65 kgf/cm^. The low pressure portion (LP) enters at a 

so temperature of the steam off 400 °C, and is fed to the condenser at a temperature of 100 *C or less and a vacuum of 
722 mmHg. 

[0094] The steam turbine power generating plant provided with a high and intermediate pressure integral turbine 
structured such that the high pressure turbine and the intermediate pressure turt»ne are integrally formed, and two low 
pressure turtHnes in a tandem manner in accordance with the present embodiment is structured such that a distance 
55 between the bearings is about 22.7 m. and a ratio of a total distance comprising a distance between the bearings of the 
high and intermediate pressure integral turbine and a distance between the bearings of two low pressure turbines con- 
nected in a tandem manner with respect to the length (1 168 mm) of the blade portion of the final stage rotor blade in 
the low pressure turbine is 19.4. 
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.nS^of ■« Sfr.^'^'"!'^®'' Q®"®'^*'"^ P'^ P^o^'ded with the high and intermediate pressure integial 
tu*.ne .ntegraiiy formed by the h>gh pressure tu*ine and the intermediate pressure turbine and one tow pressureftjT- 
bne .n accordance wj ttie present embodiment is structured such that a distance between the bearings is SSrt 1 4 7 

the bearings of the high and intermediate pressure 
K. ^ * ^^^'"^ o< one low pressure turbine with respect to the length (1 1 68 mm^ 

of the blade port.on of the final stage rotor blade in the low pressure turbine is 12.6. Furtl^. a ratio tfTtota dSa^ 
V '^""^^ ''8^ ^ intermediate pressure integral turbine and a diS^S 

eS ^l^^ro^ •'^"'^ ^ MW in the rated output 700 MW Of the power gen- 
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TABLE 11 



TURBINE TYPE 



ROTATIONAL FREQUENCY 



STEAM CONDITION 



TURBINE STRUCTURE 



B 



HIGH PRESSURE FIRST 
STAGE BLADE 
STRUCTURE 



LOW PRESSURE FINAL 
STAGE BLADE 



MAIN STEAM STOPPER 
VALVE BODY 

STETVM CONTROL VALVE 
BODY 



HIGH - MIDDLE 
PRESSURE ROTOR 

LOW PRESSURE ROTOR 



HIGH TEMPERATURE 
PORTION ROTARY BLADE 



HIGH - 
MIDDLE 
PRESSURE 
CHAMBER 



INTERNAL 
PORTION 



TCDF-4 6 



3600/3600 TIMES/MINUTE 



24.6MPa-538^C/566^C 





2 TENON SADDLE TYPE DOVETAIL BLADE 



Ti-BASE ALLOY 46 INCHES LONG BLADE 



HIGH STRENGTH 12Cr FORGED STEEL 



HIGH STRENGTH 12Cr FORGED STEEL 



3 . 5Ni-Cr-Mo-V FORGED STEEL 



FIRST STAGE, HIGH STRENGTH 12Cr 

FORGED STEEL 



HIGH STRENGTH 9Cr CAST STEEL 



EXTERNAL 
PORTION 



HIGH STRENGTH Cr-Mo-V-B CAST STEEL 



THERMAL EFFICIENCY 
(AT RATED OUTPUT AND 
POWER GENERATING 
END) 



47.0% 



^ TCDF: TANDEM COMPOUND DOUBLE FLOW EXHAUST, HP: HIGH 
PRESSURE PORTION, IP: MIDDLE PRESSURE PORTION, LP: LOW 



PRESSURE PORTION, R/H: REHEATER (BOILER) 



[0096] Fig. 12 is a schematic view of a cross sectional structure of the high pressure and intermediate pressure inte- 
gral type steam turbine. The high pressure steam turbine is provided with a high pressure axle (a high pressure rotor 
shaft) 33 mounting a high pressure rotor blade 16 within a high pressure internal chamber 18 and a high pressure exter- 
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nal chamb^ 19 disposed outside the internal chamber 18. The high temperature and high pressure steam mentioned 
above can be obtained by the boiler mentioned above, is fed to a main steam inlet 28 from a flange and an ebow 25 
con^ituting the main steam inlet through the main steam pipe and guided to the rotor blade at the first stage dual cur- 
rent frorn a nozzle box 38 Jhe structure ismade such that the steam enters from the center side of the rotor shaft and 

5 flows to the beanng side. The rotor blades are provided at eight stages in the high pressure side corresponding to a left 
side in the drawing and at six stages in the intermediate pressure side (corresponding to about right half in the drawing) 
The staior blades are provided in correspondence to each of the rotor blades. The rotor blade is structured in a saddle 
type, a dogs type or a dovetail type, a double tenon, about 40 mm of the first stage blade length in the high pressure 
side and 100 mm of the first stage blade length in the low pressure side. A length between the bearings is about 6 7m 

10 a diameter of the smallest portion among the portion corresponding to the stator blade portion is about 740 mm and a 
ratio of the length with respect to the diameter is about 9.0. 

°^ "»""«"9 root portion of the first stage and the final stage in the high pressure side 

rotorshatt is greatest at the first stage, smaller than it. that is, 0.40 to 0.56 times the first stage and constant size at the 

« f ^^.f^ ^ "^^^ °* '""^ stage and the second to seventh stages, that is, 0.46 

IS to 0.62 times the first stage at the final stage. 

A i'" ISH ^If ^ *® n«de of 12 % Cr steel shown in Table 7 mentioned 

above^ A ength <rf the blade portion of the rotor blade in accordance wflh the present embodiment is set to 35 to 50 mm 
at the first stage, becomes longer in each of the stages from the second stage to the final stage, in particular, the length 
from the second stage to the final stage is within a range between SO and ISO mm in accordance with the output of ttie 
20 Steam turt>.ne the number of the stages is within a range between seven and twelve stages, the length of the blade por- 
tion at each of the stages is increased within a range between 1 .05 and 1 .35 times in the adjacent length in the down- 
f™'? side with respect to the upstream side, and the rate is gradually increased in the downstream side 
if} J^fr'^u""?"**® pressure side steam turbine is structured such as to rotate the power generating machine 
together with the high pressure steam turbine by the steam obtained by again heating the steam discharged from the 
v^^"'® *° ^ temperature of 566 "C by using the reheater. and is rotated at a rotational speed of 

3600 times per minute. The intermediate pressure side turbine has an intermediate pressure internal second chamber 
21 and an intermediate pressure external chamber 22 in the same manner as the high pressure turbine, and a stator 
Wade IS provided in opposite to the intermediate pressure rotor blade 17. The intermediate pressure rotor blade 17 is 
sfruchired a^ six stages. The first stage blade length is about 130 mm. and the final stage blade length is about 260 mm 
30 The dovetails are formed in an inverted Christmas tree type. 

SIS"' J^Z intermediate pressure steam turbine is structured such that a width in an axial direction 

T such that the first stage is the greatest, the second stage is smaller than 

• J "1} ^ ^^"^ ^9® equal to each other, and the width of the final stage is 

in ttie middle of the third to fifth stages and the second stage and 0.48 to 0.64 times the f iret stage. The first stage is 1 1 
35 to 1.5 times the second Stage. i.i 
[0101] In the intermediate pressure side, the 12 % Cr-base steel shown in Table 7 mentioned abwe is used for the 
blade and nozzle. The length of the blade portion of the rotor Wade in accordance with the present embodiment is 
increased at each of the stages from the first stage to the final stage, the length from the first stage to the final stage is 
90 to ^ miTi in accordance with the output of the steam turbine, and within a range between the six to nine stages 
the length of the Wade portion of each of the stages is increased at a rate of l . 10 to 1 .25 between the adjacent length^ 
inthedownstreamside with respect to the upstream side. 

101 02] The mounting portion of the rotor Wade is structured such that the diameter thereof is larger than that of the 
"'■responding to the stator Wade, and the width thereof depends on the length of the Wade portion of the rotor 
wade arid the position thereof. The rate of the width thereof with respect to the length of the Wade portion of the rotor 

Wade IS the greatest at the first stage, that is, 1.35 101.8. 0.88 tol.iaat the second stage, and is redu^^ 
stage to the sixth stage, that is, 0.40 to 0.65 times. 

[01 03] The high and intermediate pressure integral tuibine for the steam turbine power generating plant provided with 
I^hT ^'^T^ connected in a tandem manner in accordance with the present embodiment is structured 

such that the distance between the bearings is about 5.7 m. 
so 10104] Also iri the present embodiment, in the same manner as that of the embodiment 3. a build up welded layer 
made of a low alloy steel is provided in the bearing portion. 

Sa°rotor'2afl ther^°^ ^ ''^ ^ ""'^ 14 is a cross sectional view 

S5°5orSf«'^«/.r"'^ constituted by one turbine and is connected to a high and intermediate pressure 

^nffcSSS H ^ ^"^^"^ arranged at six stages in right and left 

w?i^^!SiIh m[! I™""®'- ^ ^ P^°^'d«' correspondence to the rotor 

trades. A length of the rotor Wade at the final stage is 46 inches, and the Tl-base alloy is employed. As the Ti-base alloy 
the matenals shown in the embodiments 1 and 2 are employed. In particular, the material containing 6 weight % of Al" 
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6 weight % of V and 2 weight % of Sn is preferably used. Further, the same material as that of the en±>odiment 2 is 
employed for the rotor shaft 43. that is, a forged steel having a fully tempered bainite structure of a super clean material 
corrprising 3.75 % of Ni. 1 .75 % of Cr, 0.4 % of Mo. 0,15 % of V. 0.25 % of C, 0.05% of Si. 0.10 % of Mn and the remain- 
ing Fe is emptoyed. A 12 % Cr steel containing 0.1 % of l^o is used for the rotor blades and the stator blades at the 

5 stages other than the final stage and the preceding stage. A cast steel containing 0.25 % of C is used for the internal 
and external casing materials. A distance between the centers in the bearing 43 in accordance with the present emtxxj- 
iment is 7000 mm. a diameter of the rotor shaft conresponding to the stator blade portion is about 800 mm, and a diam- 
eter at the rotor blade mounting portion is constant at all of the stages. A distance between the centers of the bearings 
with respect to the diameter of the rotor shaft corresponding to the stator Wade portion is abovX 8.8. 

10 [01 07] The low pressure turbine is structured such that the width in the axial direction of the rotor blade mounting root 
portion is the smallest at the first stage, is gradually increased toward the downward side at four steps, that is, that at 
the second and third stages is the same, that at the fourth and fifth stages is the same and the width at the final stage 
is 6.2 to 7.0 times larger than the width at the first stage. The width at the second and third stages is 1.15 to 1 .40 times 
larger than that at the first stage, that at the fourth and fifth stages is 2.2 to 2.6 times larger than that at the second and 

15 third stages, and that at the final stage is 2.8 to 3.2 times larger than that at the fourth and fifth stages. The width of the 
root portion is expressed by points connecting an expanding line and the diameter of the rotor sfiafL 
[0108] The length of the t)lade portion of the rotor blade in accordance with the present emtjodiment is greater from 
4 inches at the first stage to 46 inches at the final stage at each of the stages, and the length from the first stage to the 
final stage is increased within the range t>etween 100 and 1270 mm due to the output of the steam turbine, in eight 

20 steps at the maximum, and the length of the tAade portion at each of the stages is inaeased within the range between 
1 .2 to 1 .9 times so that the length at the downstream side is longer than that at the adjacent upstream side. 
[0109] The mounting root portion of the rotor blade is structured such that the diameter thereof is greater than that of 
the portion corresponding to the stator blade in an expartding manner, and the mounting width thereof is increased in 
accordance with an increase of the length of the blade portion. The rate of the width with respect to the length of the 

25 blade portion is 0.30 to 1 .50 from the first stage to the stages prior to the final stage, the rate is gradually reduced from 
the first stage to the stage prior to the final stage, and the rate at the back stage is gradually reduced within the range 
of 0.1 5 to 0.40 in comparison with that at the preceding stage. The rate at the final stage is 0.50 to 0.65. 
[01 1 0] The erosion shield in the present embodiment is provided in the same manner as that of the embodiment 2. 
[01 1 1 1 In addition to the present embodiment, the same structure can be applied to a 1 000 MW class great capacity 

30 power generating plant in which the steam inlet temperature of the high and intermediate pressure steam turibine is set 
to 61 0 °C or more, the steam inlet temperature to the low pressure steam turbine is set to about 400 **C and the outlet 
temperature thereof is set to about 60 **C. 

[01 1 2] The high tennperature and high pressure steam turbine power generating plant in accordance with the present 
embodiment is mainly constituted by a boiler, a high and intermediate pressure turbine, a low pressure turbine, a con- 

35 denser, a condensing pump, a low pressure water supply heater system, a deaerator. a pressure increasing pump, a 
water supply pump, a high pressure water supply heater system and the like. That is. a ultra high temperature and high 
pressure steam generated in the boiler enters into the high pressure turbine so as to generate a power, and thereafter 
is again reheated by the lx>iler and enters into the intermediate pressure side turbine so as to generate the power. The 
high and intermediate pressure turbine discharged steam is condensed in the condenser after entering into the low 

40 pressure turttine so as to generate the power. The condensed fluid is fed to the low pressure water supply heater sys- 
tem and the deaerator by the condensing pump. The supplied water deaerated in the deaerator is fed to the high pres- 
sure water supply heater tjy the water supply pump and heated, arxi thereafter returned to the k>oiler, 
[01 1 3] Here, in the boiler, the supplied water becomes a steam having a high temperature and a high pressure with 
passing through a fuel economizer, an evaporator and a super heater. Further, on the contrary, the boiler combustion 

45 gas heating the steam comes out from the fuel economizer, and thereafter enters into an air heater so as to heat the 
air. In this case, a water supply pump driving turbine driven by an extracted steam from the intermediate pressure tur- 
bine is employed for driving the water supply pump. 

[0114] In the Ngh temperature and high pressure steam turbine plant structured in the manner mentioned above, 
since the temperature of the supplied water coming out from the high pressure water supply heater system becomes 
so significantly higher than the temperature of the supplied water in the conventional thermal electric power plant, the tem- 
perature of the comtMJStion gas coming out from the fuel economizer within the kx)iler necessarily higher than that of the 
conventional boiler in a significant level. Accorc£ngly, it is intended to recover a heat from the boiler discharged gas so 
as to prevent the gas temperature from lowering. 

[01 1 5] Here, the present embodiment is structured such that the high and intermediate pressure turbine and one low 
55 pressure turbine are connected to one power generator in a tandem manner so as to generate an electric power, 
thereby obtaining a tandem compound double flow type power generating plant. The same structure as that of the 
present embodiment can be applied to the other emkxxliment in which two low pressure turbines are connected in a 
tandem manner so as to generate an electric power at an output of 1050 MW dass. A stronger structure is employed 
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for a shaft of Xhe power generator. In particular, a material having a fully tempered bainite structure containing 0 15 to 
0.30 % of C. 0.1 to 0.3 % of Si, 0.5 % or less of Mn, 3.25 to 4.5 % of Ni. 2.05 to 3.0 % of Cr. 0.25 to 0.60 % of Mo and 
0.05 to 0.20 % of V. having a tensile strength at room temperature of 93 Kgf/mm^ or more, particularly 100 kgf/mm^ or 
more, and having a 50 % FATT of 0 'C or less_. particujarly -20 -C or less is preferable, and further a material having a 
magnetization force at 21 .2 KG of 985 AT/cm or less, a total amount of P. S. Sn. Sb and As as irrmurity of 0 025 % or 
less and a Ni/Cr ratio of 2.0 or less is preferatjie. 

[0116] Table 7 mentioned above can be applied to the main portion of the high and Intermediate pressure tuittne and 
the low pressure turbine in accordance with the present embodiment. In accordance with the present embodiment 
since all the portion is made of the material having a ferrlte crystal structure and a coefficient of thermal ©qjansion of 
about 12 X l0-6rc by using a martensite steel around the other rotating portion of the high and intermediate pressure 
integral rotor shaft obtained by Integrally forming the high pressure side with the intermediate pressure side there is no 
problem caused by a difference of a coefficient of thermal expansion. 

101 1 7] Further, the material of the embodiment 2 can be used tor the rotor shaft of the high pressure, the intermediate 
pressure or the fv^ and intefmediate pressure turbine In the case of the steam temperature of 620 "C or more In 
accordance with the present embodiment, the turbine is formed by dissolving 30 tons of a heat resisting cast steel 
descnbed in TaUe 7 (weight %) in an electric furnace, vacuum deoxidizing a carbon, casting to a metal casting mold 
forging so as to manufacture an etectcode rod. again dissolving an electronic slug so as to dissolve the electrode rod 
from an upper portion of the cast steel to a lower portion thereof, and forging in a rotor shape (diameter 1 450 mm and 
length 5000 mm). The forging is performed at a temperatore equal to or less than 1 150 °C in order to prevent a foraing 
crack. Further, it is obtained by annealing the forged steel, thereafter heating to 1050 °C. hardening by spraying a water 
tempering at 570 'C and 690 »C lor two times and cutting to a predetermined shape. Further, a build up weld layer mad^ 
of Cr-Mo low alloy steel is appNed to the bearing portion. 

[0118] The low pressure turbine for the steam turbine power generating plant provided with two low pressure tuibines 
connected in a tandem manner in accordance with the present embodiment is structured such that a total distance 
between the bearings is 13 9 m. a ratio of the distance between the bearings of two low pressure turbines connected 
in a tandem manner with respect to the length of the blade portion of the rotor blade at the final stage in the low pressure 
turbine is 1 6.3. and a ratio of a total distance (mm) of the distances between the bearings of two low pressure torbines 
connected in a tandem manner with respect to the rated output (MW) of the power generating plant is 23 1 
[01 19] The low pressure turbine for the steam torbine power generating plant provided with the high and intermediate 
pr^sure integral turbine obtained by integrally forming the high pressure turbine with the intermediate pressure turbine 
and one low pressure turbine in accordance with the present embodiment is structured such that a distance between 
the beanngs is about 6 m. a ratio with respect to the length of the blade portion of the rotor blade at the final stage in 
the low pressure torbine is 5.5. and a ratio of a distance (mm) between the bearings of one low pressure turbine with 
respect to the rated output (MW) of the power generating plant is 10.0. 
35 [0120] The high pressure, the intermediate pressure and the high and intermediate pressure integral type rotor shaft 
in accordance with the present embodiment have the center hole in all of the rotor shafts, however, it is possible to can- 
cel the center hole in all of the embodiments due to a high purification by partlculariy setting an amount of P to 0 010 
^or less, an amount of S to 0.005 % or less, an amount of As to 0.005 % or less, an amount of Sn to 0.005 % or less 
and an amount of Sb to 0.003% or less. 
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[0121] The power generating plant in accordance with the present invention can be applied to a condition of 3000 
rpm. and can be applied to the blade length at the final stage of 52 Inches or 56 Inches. 

[0122] In accordance with the present invention, a target tensile strength 110 kg/mnf can be secures in a large-scale 
forged product which is greatly influenced by a mass effect as a Ti-base alloy for the rotor blade at the final stage of the 
low pressure steam tuittne. and the steam turbine long blade can be applied such that the blade of 43 inches or more 
can be applied to a condition of 3600 rpm and the blade of 50 inches or more can be applied to a condition of 3000 rpm 
so that It IS possible to increase a capacity of the steam torbine power generating plant having the steam temperatore 
of 538 to 660 «C and a higher efficiency can be achieved. 

Claims 

1 . A steam torbine blade having a blade portion and dovetaUs. wherein said blade is made of Ti-base alloy structored 
such that a length of said blade portion is equal to or more than 52 inches with respect to a rotational speed 3000 
rpm of said blade or equal to or more than 43 inches with respect to said rotational speed 3600 rpm and a tensile 
strength at a room temperatore of said dovetail is equal to or more than 100 kg/mnf. and is equal to or more than 

55 96 % of the tensae strength at the room temperature of said blade portion. 

2. A steam torbine Wade having a blade portion and dovetaOs. wherein said blade Is made of Ti-base alloy containing 
Al 4 to 8 weight %. V 4 to 8 weight % and Sn 1 to 4 weight %, a tensile strength (x) of said dovetail at a room tem- 
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perature is equal to or more than 100 kg/mm^, preferably equal to or more than 110 kg/mm^. a V notch inpact value 
(y) at a room temperature is equal to or more than a value (kg-m) calculated by a formula (-0.02 13x + 4.025). or 
said blade portion is structured such that a tensile strength (x) thereof at a room temperature is equal to or more 
than 105 kg/mn^. the V notch impact value (y) at a room temperature is equal to or rmre than a value (kg-m) cal- 
5 culated by a formula (-0.01 96x + 3.93) and the tensile strength of said dovetail at a room temperature is equal to or 
more than 96 % of the tensile strength of said blade portion at a room temperature. 

3. A steam turbine blade having a blade portion and dovetails, wherein said blade is made of Ti-l)ase alloy structured 
such that a length of said blade portion is equal to or more than 52 inches with respect to a rotational speed 3000 

10 rpm of said blade or equal to or more than 43 inches with respect to said rotational speed 3600 rpm and Al 4 to 8 
weight %, V 4 to 8 weight % and Sn 1 to 4 weight % are contained, said blade portion is structured such that a ten- 
sile strength (x) at a room temperature is equal to or more than 105 kg/mm^ and a V notch impact value (y) at a 
room temperature is equal to or more than a value (kg-m) calculated by a formula (-0.01 96x + 3.93), or said dovetail 
is structured such that a tensile strength (x) at a room temperature is equal to or more than 100 kg/mm^ and a V 

f5 notch impact value (y) at a room temperature is equal to or more than a value (kg-m) calculated by a formula (- 
0.0213X + 4.025). 

4. A method of manufacturing a steam turbine blade made of Ti-t>ase alloy and having a blade portion and dovetails, 
wherein a solid solution treatment and an age treatment is performed so as to cool by water after heating in a range 

20 connecting four points shown by reference symbols A (605 and 855 ^'C), B (590 and 790 **C), C (41 0 *»C and 
790 **C) and D (410 ''C and 855 ^^C) expressed by (an age temperature and a solid solution treatment temperature) 
shown in Fig. 1 of this application after hot forging said blade material. 

5. A method of manufacturing a steam turbine blade made of Ti-base alloy and having a Wade portion and dovetails. 
25 wherein said area expressed by (the age temperature and the solid solution treatment temperature) is structured 

such that a solid solution treatment and an age treatment is performed so as to cool by water after heating in a 
range connecting four points shown by reference symbols E (525 *»C and 855 •C). F (510 and 790 •C). G (410 
and 790 **C) and H (410 ^'C and 855 **C) shown in Fig. 2 of this application. 

30 6. A method of manufacturing a steam turbine blade made of Ti-t>ase alloy and having a tslade portion and dovetails, 
wherein said dovetail portion is roughly processed to a state close to a final shape prior to a final heat treatment 
and next a solid solution treatment and an age treatment is performed so as to cool by water after heating in a range 
connecting four points shown by reference symbols J (685 and 855 °C). K (585 and 790 °C), L (410 and 
790 ''C) and M (410 **C and 855 °C) expressed by (an age tenrtperature and a solid solution treatment temperature) 

35 shown in Fig. 3 of this application. 

7. A method of manufacturing a steam turbine Wade made of Ti-base alloy and having a Wade portion and dovetails, 
wherein said dovetail portion is roughly processed to a state close to a final shape prior to a final heat treatment 
and next a solid solution treatment and an age treatment is performed so as to cool by water after heating in a range 

40 connecting four points shown by reference symtols N (575 ^'C and 855 "C). O (560 «C and 790 "C) P (410 and 
790 "C) and Q (41 0 and 855 **C) expressed by (an age temperature and a solid solution treatment temperature) 
shown in Fig. 4 of this application. 

8. A method of manufacturing a steam turbine Wade as claimed in any one of claims 4 to 7. wherein said Ti-base alloy 
45 is constituted by a Ti-base alloy containing 4 to 8 weight % of Al, 4 to 8 weight % of V and 1 to 4 weight % of Sn. 

9. A steam turbine power generating plant comprising a high pressure tijrWne. an intermediate pressure turbine and 
a k)w pressure turtxne. wherein a rotor Wade at a final stage of said low pressure turbine has a blade portion and 
dovetails, and said Wade is made of Ti-base alloy structured such that a length of said Wade portion is equal to or 

so more than 52 inches with respect to a rotational speed 3000 rpm of said Wade or equal to or more tiian 43 inches 
with respect to said rotational speed 3600 rpm, and a tensile strength at a room temperature of said dovetail is 
equal to or more than 100 kg/mm^, and is equal to or more than 96 % of the tensile strength at the room tempera- 
ture of said Wade portion. 

£5 10. A steam turbine power generating plant comprising a high pressure turWne. an intermediate pressure turbine and 
a low pressure turbine, wherein a rotor blade at a final stage of said low pressure turbine has a blade portion and 
dovetails, and said Wade is wade of Ti-base alloy containing Al 4 to 8 weight %, V 4 to 8 weight % and Sn 1 to 4 
weight %, a tensile strength (x) of said dovetail at a room temperature is equal to or more than 100 kg/mm^, pref- 
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eraWy equal to or more than 1 1 0 kg/mm . a V notch impact value (y) at a room temperature is equal to or more than 
a value (kg-m) calculated by a formula (-0.021 3x + 4.025). or said blade portion is structured such that a tensile 
strength (x) thereof at a room temperature is equal to or more than 105 kg/mm^. the V notch impact value (y) at a 
room temperature is equal to or more than a value (kg-m) calculated by a formula (-0.01 96x + 3.93) and the tensile 
strength of said dovetail at a room temperature is equal to or more than 96 % of the tensile strength of said blade 
portion at a room temperature. 

1 1. A steam turtjine power generating plant comprising a high pressure turbine, an intermediate pressure turbine and 
a low pressure turbine, wherein a rotor blade at a final stage of said low pressure tuibine has a blade portion and 
dovetails, and said blade is made of Ti-base alloy structured such that a length of said blade portion is equal to or 
more than 52 inches with respect to a rotational speed 3000 rpm of said blade or equal to or more than 43 inches 
with respect to said rotational speed 3600 rpm and Al 4 to 8 weight %. V 4 to 8 weight % and Sni to 4 weight % 
are contained, saidblaae portion is staictured such that a tensile strength (x) at a room temperature Is equal to or 
more than 105 kg/mm^ and a V notch impact value (y) at a room temperature is equal to or more than a value (kg- 
m) calculated by a formula (-0.01 96x + 3.93). or said dovetail is structured such that a tensile strength (x) at a room 
temperature is equal to or more than 100 kg/mm^ and a V notch impact value (y) at a room temperature is equal to 
or more than a value (kg-m) calculated by a formula (-0.02 13x + 4.025). 

12. A low pressure steam tuibine comprising a rotor shaft, a rotor blade provided on said rotor shaft, a stator blade 
guiding an inlet of a steam to said rotor blade and an internal casing holding said stator blade, wherein the rotor 
blade at the final stage of said low pressure turbine has a blade portion and dovetails, and saki blade is made of 
Ti-base alloy structured such that a length of saki blade portion is equal to or more than 52 inches with respect to 
a rotational speed 3000 rpm of said blade or equal to or more than 43 inches with respect to said rotational speed 
3600 rpm. and a tensile strength at a room temperature of said dovetail is equal to or more than 100 kg/mm^, and 

25 is equal to or more than 96 % of the tensile strength at the room temperature of said blade portion. 

13. A low pressure steam turbine comprising a rotor shaft, a rotor blade provided on said rotor shaft, a stator blade 
guiding an inlet of a steam to said rotor blade and an internal casing holding said stator blade, wherein said rotor 
blade is structured in a dual current such that six stages of said rotor blades are provided in each of right and left 
portions of the steam turbine in a symmetrical manner, the rotor Wade at the final stage has a blade portion and 
dovetails, and said blade is made of T»-l>ase alloy containing Al 4 to 8 weight %, V 4 to 8 weight % and Sn 1 to 4 
weight %. a tensile strength (x) of said dovetail at a room temperature is equal to or more than 100 kg/mm^, pref- 
erably equal to or more than 1 1 0 kg/mm^, a V notch impact value (y) at a room temperature is equal to or more than 
a value (kg-m) calculated by a formula (-0.0213x + 4.025). or said blade portion is structured such that a tensile 
strength (x) thereof at a room temperature is equal to or more than 105 kg/mm^, the V notch impact value (y) at a 
room temperature is equal to or more than a value (kg-m) calculated by a formula (-0.01 96x + 3.93) and the tensile 
strength of said dovetail at a room temperature is equal to or more than 96 % of the tensile strength of said blade 
portion at a room temperature. 

40 14. A low pressure steam turbine comprising a rotor shaft, a rotor blade provided on sakJ rotor shaft, a stator blade 
guiding an inlet of a steam to said rotor biade and an internal casing holding said stator blade, wherein said rotor 
blade is structured in a dual cunent such that eight stages of saki rotor blades are provided in each of right and left 
portions of the steam turbine in a symmeti-ical manner, tine rotor blade at the final stage has a blade portion and 
dovetails, and said blade is made of Ti-base alloy structured such that a length of said blade portion is equal to or 

45 more than 52 inches with respect to a rotational speed 3000 rpm of said blade or equal to or more than 43 inches 
with respect to said rotational speed 3600 rpm and Al 4 to 8 weight %. V 4 to 8 weight % and Sn 1 to 4 weight % 
are contained, said blaJe portion is structured such tiiat a tensile strength (x) at a room temperature is equal to or 
more than 105 kg/mm^ and a V notch impact value (y) at a room temperature is equal to or more than a value (kg- 
m) calculated by a formula (-0.01 96x + 3.93). or said dovetail is structured such that a tensile strength (x) at a room 

50 temperature is equal to or more than 100 kg/mm^ and a V notch impact value (y) at a room temperature is equal to 
or more than a value (kg-m) calculated by a formula (-0.021 3x + 4.025). 
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FIG. 6 
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